Introduction
Among the gynecological cancers, ovarian cancer is less common than cancer of the breast and the uterus (1) , but it has the highest fatality-to-case ratio, accounting for almost half of the deaths from cancers of the female genital tract. Despite advances in screening and treatment, the 5-yr survival rate is less than 30% (2) . Ovarian cancer varies twofold among countries, being highest in Europe and North America (with incidence rates ranging from 10.6/100,000 for the United States to 12.2/100,000 for Germany) and lowest in Asian countries (with incidence rates of 4.7/100,000 in Thailand). Estimates suggest that there were about 61,000 new cases and over 39,000 deaths from ovarian cancer in the year 2000 (3) .
The majority of ovarian cancer cases are sporadic; hereditary ovarian cancer is thought to account for 5-10% of cases. Epithelial ovarian cancer (EOC) comprises about 90% of all ovarian cancers and derives from epithelial cells that make up the external surface of the ovary (4); the other 10% are germ cell or stromal ovarian cancers. With respect to histological subtypes, EOC comprises approximately 40% serous tumors, followed by endometrioid EOC (10-25%), mucinous EOC (10%), and clear cell tumors (5-10%). The remaining tumor types, including papillary serous, Brenner cell, and undifferentiated adenocarcinomas and sarcomas, are rare. The group of epithelial ovarian cancers is referred to as ovarian cancer throughout the remainder of this article.
The majority of ovarian cancers (85-90%) occur in postmenopausal women, with the median age of diagnosis between 55 and 60 yr (5) . The etiology of ovarian cancer is unknown. However, two long-standing hypotheses have been proposed to explain the causal mechanism of ovarian carcinogenesis: the "incessant ovulation" hypothesis and the gonadotropin hypothesis. The incessant ovulation theory proposes that the number of cycles of ovulation may determine EOC risk by increasing the rate of cellular division associated with repair of the surface epithelium after each ovulation, thereby increasing the probability of spontaneous mutations that may lead to cancer (6) . Thus, the number of years of regular cycles has been associated with an increased risk of ovarian cancer, and factors associated with suppression of ovulation, such as pregnancy, tubal ligation, or use of oral contraceptives, have been related to a reduced risk (7, 8) . Indeed, the most consistent finding in epidemiologic studies has been demonstrated for parity, showing a significantly lower risk of ovarian cancer for parous women compared with nulliparous women (9, 10) . The gonadotropin hypothesis postulates that gonadotropins (luteinizing hormone and follicle-stimulating hormone) overstimulate the ovarian epi-thelium resulting in increased proliferation and subsequent malignant transformation (11) . However, recent studies (12, 13) do not support this hypothesis, and other mechanisms, such as the roles of apoptosis (14) and chronic inflammation (15) , should be explored.
The potential role of dietary factors on risk of EOC was proposed first by ecological studies that related country-specific aggregate dietary data to cancer incidence and mortality rates (16) (17) (18) (19) . On the basis of these data, it was hypothesized that a high intake of fat, milk, and eggs may be associated with an increased risk of EOC, whereas a high intake of fruits and vegetables may be related to a decreased risk. The observation that EOC incidence rates increase among women who migrate from low-incidence countries to high-incidence countries (20) (21) (22) also supports an etiologic role for environmental factors such as diet in ovarian cancer. In 1997, a report from the World Cancer Research Fund (WCRF) examined the associations between diet and different cancer sites, and judged levels of evidence for an association on a scale of insufficient up to convincing. The panel was only able to consider a small number of dietary factors for EOC because of a limited number of epidemiological studies. The report made evaluations for consumption of vegetables and fruit (decreased risk, possible evidence), fish (decreased risk, insufficient evidence), eggs (increased risk, insufficient evidence), carotenoids (decreased risk, insufficient evidence), and total, saturated/animal fat (increased risk, insufficient evidence) (23) . The Committee on Medical Aspects of Food and Nutrition Policy report came to similar conclusions (24) . More recent reports from expert panels, such as the World Cancer Report (25) and the World Health Organization Technical Report on "Diet, Nutrition and the Prevention of Chronic Diseases" (26) , did not include evaluation of the association between dietary factors and EOC risk. It has been proposed that dietary factors may affect EOC risk via changes in the endogenous hormonal milieu (27, 28) and/or via their antioxidant and anticarcinogenic properties (29) .
The aim of this review is to qualitatively summarize the scientific literature on food intake and risk of EOC to date and thereby update the conclusions drawn in the 1997 WCRF report, to identify gaps in knowledge, and to make recommendations for future research. In contrast to reproductive factors that cannot be modified, identification of dietary factors that could influence EOC risk may shed new light on its etiology and provide strategies for future cancer prevention.
Methods
The epidemiologic literature on the association between food intake and risk of EOC was reviewed. A search of Medline and Pubmed was conducted for all publications on major foods and food groups and ovarian cancer in human populations published up to June 2004. The MeSH terms "ovarian neoplasm" and "diet" plus more specific terms for individual food groups (i.e., fruits and vegetables, meat, fish, eggs, dairy products, grains, fats and oils) were used to identify relevant publications. Beverages such as tea, coffee, or alcoholic drinks were omitted from this review. In addition, reference lists were searched to identify additional studies.
No restrictions on year of publication or on language were made. However, only two non-English references were found (30, 31) and were excluded from this review; no abstracts were identified. Inclusion criteria for this review included the provision of a measure of association between intake of foods or food groups and risk of malignant or borderline malignant EOC. Both retrospective and prospective studies were included. Besides the WCRF report, more recent review articles have been published (8, (32) (33) (34) , although the effect of diet on EOC risk was not the main focus of these reports. We identified two review articles (35, 36) and one expert report (37) that focused on fruit and vegetable intake in relation to various cancer sites, but we found no paper that focused on a broad range of food intake in relation to ovarian cancer risk per se. As inconsistent results may occur from different study designs, measurement of dietary intake, and selection of study population, this review gives more weight to results from prospective analyses compared with retrospective studies in the evaluation of the possible relations between dietary factors and ovarian cancer risk.
Results

Cohort Studies
We identified seven longitudinal analyses (in five different cohorts) of food intake and EOC risk, which are presented in Table 1 . All but one (38) of the cohort studies used EOC incidence rather than mortality as the endpoint of interest. All but one (39) cohort study provided risk estimates for the total group of EOC (i.e., without differentiating between histological subtypes). For animal products, three studies showed a consistent increased risk for EOC with higher egg consumption (38, 40, 41) . With regard to meat consumption, one study found no association (41) and three studies yielded positive associations for high meat intake (38, 40, 42) . However, risk estimates were nonsignificant in all (40, 42) but one study (38) , which analyzed any fried food (also including fried meat) in relation to EOC risk. Two studies examined the effect of dairy products on the risk of EOC, indicating positive associations for total dairy products, skim milk, and cheese (39, 40) , whereas another study showed an inverse relationship between hard cheese and risk of EOC (41) . One study showed a stronger association of milk consumption with EOC risk for serous histological subtypes compared with nonserous subtypes (39) . Three studies reported on fruit and vegetable intake and EOC risk (40, 43, 44) . Although fruit intake was slightly positively related to EOC in these studies, total vegetables showed an inverse association with EOC. All three studies also found inverse associations with consumption of green leafy vegetables, which was significant in one study (40) . 
Case-Control Studies
Most of the evidence for an association between food intake and EOC is derived from case-control studies. These studies are reviewed by food group and presented in Tables 2  to 8 .
Fruits and vegetables:
Thirteen case-control studies of fruit and vegetable consumption and EOC risk were identified and are presented in Table 2 . Of a total of seven studies (45-51) of fruit consumption, only one found a significantly lower EOC risk for increased fruit consumption (49) . Two studies (46, 48) observed a significant increased risk, whereas four studies (45, 47, 50, 51) detected no association. Bosetti et al. (52) also found no association with consumption of non-citrus fruits on the risk of EOC, but observed a positive association with citrus fruits. Four studies that analyzed total vegetable consumption and EOC risk (45, 47, 49, 50) consistently found inverse associations with significantly lower risks in two studies (49, 50) . Of the various subtypes of vegetables, several studies focused on green (leafy) vegetables, cruciferous vegetables, legumes, and pulses. In four (46, (53) (54) (55) of eight studies that examined EOC risk in relation to green vegetables, significant protective effects were found. Parazzini et al. (55) reported a significant risk reduction among postmenopausal women [odds ratio (OR) = 0.56] but only a weak, insignificant reduction among premenopausal women (OR = 0.83), suggesting that postmenopausal women may benefit more from high green vegetable intake than their younger counterparts. However, four other studies detected only weak or no association between green vegetables and EOC risk (45, 48, 49, 56) .
No evidence exists to date that a high consumption of cruciferous vegetables protects against EOC: All three studies that have examined this association have found no effect (45, 49, 57) .
Four studies conducted analyses on pulses and legumes with respect to EOC risk. Two studies (49, 52) found significant or borderline significant reduced risk, whereas the other two studies found no association (45) or a nonsignificant positive association (48) .
An inverse association with EOC risk was found for allium vegetables in a recent Chinese case-control study (49) , whereas no association was reported in an earlier study from the same area (45) . Furthermore, carrots were reported to protect against EOC in two studies (53, 54) , but a more recent investigation could not corroborate this finding (56) . Raw and cooked spinach combined was found to be inversely related to EOC risk, whereas other single vegetables (cooked spinach, raw spinach, cooked carrots, raw carrots, tomatoes, and sweet potatoes) were not associated with EOC (56), as was the consumption of pickled vegetables (51) .
Meat: Thirteen case-control studies of meat consumption and EOC risk were identified and are presented in Table  3 . The majority of studies examined meat or red meat and some also included poultry, processed meat, and organs. All 11 studies that estimated risk for meat or red meat intake found estimates above unity, whereas five (49, 52, 53, 58, 59) of the studies observed moderate to strong, significant associations. Notably, a Japanese study (58) found that eating meat daily was associated with a threefold increase in risk for EOC among postmenopausal women. However, this strong association could not be confirmed when the study population was comprised of both pre-and postmenopausal women [OR = 1.4; 95% confidence interval (CI) 0.8-2.5] (7) and may suggest differential effects of meat consumption on EOC risk according to menopausal status.
In contrast to red meat, poultry was not related to EOC risk (45,49,51,52) but was found to be protective in the Western New York Diet Study (OR = 0.45; 95% CI, 0.22-0.92) (50). Consumption of processed meat (49, 52) and liver (56) was not significantly associated with EOC risk, as was the consumption of a nonvegetarian diet (60) .
Eggs: Five (45,49,51,52,61) of the six case-control studies of egg consumption and EOC risk (Table 4) found no significant association. Only one study from Australia (62) observed a significant 82% increased risk for eating more than two eggs per wk compared with eating less than one egg every 2 wk.
Fish: Three (52, 61, 63) of the nine studies of fish consumption and EOC risk (Table 5) reported significantly decreased risks for high vs. low consumption of fish. In contrast, the Hokkaido study reported an increased risk with increasing fish intake: among all women (pre-and postmenopausal), eating fish daily was associated with a significant 1.7-fold greater risk for EOC (7) . An even stronger association was observed among women over 50 yr, who had a significant 2.5-fold greater risk for EOC (58) . However, four studies (45, 49, 51, 53) observed no relationship between fish intake and EOC risk.
Dairy products: Sixteen case-control studies examined the relationship between consumption of dairy products and EOC risk ( Table 6 ). None of the five studies (45, (48) (49) (50) 64 ) that examined total dairy products yielded statistically significant results, although two studies (45, 64) reported a moderate risk reduction of 60% and 40%, respectively. Total milk consumption was not related to EOC risk in four (52, 54, 64, 65) of seven studies, although in three other studies, inverse associations were detected: a high milk intake was associated with a significant 55% reduction in EOC risk in a Taiwanese study (51) and a 40% and 42% decrease in EOC risk in Japanese women of all ages and postmenopausal women, respectively (7, 58) . However, the risk estimate was not statistically significant in older women. Of the seven studies (56, 61, (64) (65) (66) (67) (68) that analyzed full-fat and low-fat/skim milk separately, two studies (61, 65) found significant increases in risk of EOC for full-fat milk, whereas the other five studies found no association. Low-fat and skim milk, however, were significantly negatively associated with EOC in three studies (56, 61, 65) and were of borderline sig- nificance in another study (64) . The consumption of other dairy products, such as yogurt, cheese, or ice cream, was not associated with EOC (56, 61, (64) (65) (66) 68) , except in one study that reported a positive association between consumption of cottage cheese and yogurt with EOC risk (66).
Grain products: Eight studies of grain products (bread, pasta/rice, cereal) are presented in Table 7 . Two studies (53,69) found a significantly decreased risk for EOC with increasing consumption of whole-grain foods. However, other studies are more inconsistent, with bread consumption being significantly positively related to EOC risk in one study (as was pasta and rice consumption) (52), but nonsignificantly inversely associated with risk in another study (48) . Foods rich in complex carbohydrates (45) , cold cereal (56), tortillas (48) , and total grain products (50) have not been associated with EOC risk. In a Chinese study, staple foods were found to be inversely but nonsignificantly associated with EOC risk (49) . Table 8 reported on consumption of fats and oils in relation to EOC risk. In two (53,61) of three studies of butter consumption, positive associations were observed, whereas no association was apparent in the third study (70) . In the same studies, margarine was inversely (61) or not related (53, 70) to EOC risk. Three (45, 49, 53) of four studies detected no association between vegetable oil and risk of EOC, whereas one study (70) observed a reduced risk for olive oil and seed oils (sunflower, maize, peanut, or soy). A Chinese study (49) reported a strong increase in EOC risk associated with an increasing intake of animal fat (lard). However, another study found no association between total fat intake and EOC risk (50).
Fats and oils: Six studies presented in
Discussion
Overall, the studies published to date suggest that a typical Western diet that is high in fats and meats and low in vegetables may be associated with an increased risk of EOC. However, most of the evidence for the associations between food intake and EOC risk comes from case-control studies; evidence from cohort studies is limited. To date, only seven prospective investigations have been conducted, of which two (38,42) had very few cases (n ≤ 50), indicating limited power to detect associations. Despite this, findings from cohort studies suggest a positive association between the consumption of eggs and meats with EOC risk as well as a tendency toward a protective effect for vegetable consumption.
Methodological Issues
For several dietary factors, risk estimates differed by study design (retrospective vs. prospective studies). This is particularly the case for meat and fruits and vegetables, for which some evidence of an association was demonstrated in case-control studies, but for which cohort evidence was weaker. In contrast, case-control studies found no evidence that egg consumption was related to EOC risk, whereas findings from cohort studies indicate a positive association. Such discrepancies may be partly attributable to the limited number of large cohort studies of diet and EOC and partly due to the shortcomings of case-control studies to measure associations. One type of bias introduced in case-control studies is the potential for misreporting diet because of disease-related changes in the dietary practices of women with ovarian cancer (71) . For example, most of the risk estimates for vegetable consumption reported in case-control studies were significant and suggested a protective effect, but only one of the risk estimates for vegetables reported in cohort studies was significant, thus questioning the case-control evidence.
Furthermore, case-control studies are prone to selection bias, that is, differential participation with respect to exposure or severity of the disease. About one fourth of the case-control studies examining fruit and vegetable consumption failed to provide information about participation rates (48, 50, 54, 57) , thereby questioning the validity of the findings. Participation rates in studies that provided this information were relatively high, with a few exceptions (47, 66, 68) . For example, the study by McCann et al. reported a 50% participation rate in both cases and controls, which may have biased the study findings if characteristics of nonparticipants differed from characteristics of participants. Indeed, this study (47) found no association between meat consumption and risk of EOC, which is in contrast to the majority of case-control studies. The studies conducted by Cramer et al. (66, 68 ) also had participation rates between 50% and 69%, introducing the probability of biased findings. Their study results were inconsistent with that of other case-control studies with regard to low-fat and full-fat milk consumption.
Inconsistencies between studies may also be introduced because of the weaknesses of cohort studies, such as homogeneity of the exposure or accruing an insufficient number of new cases as a result of the rarity of the disease, thereby limiting the possibility to measure effects that are statistically meaningful. Two cohort studies (38, 43) that examined the relation between diet and risk of EOC [Seventh-Day Adventists, Nurses' Health Study (NHS)] are, to some extent, homogeneous regarding occupation and demographics, which may have limited the variability in dietary factors. For instance, no effect of fiber intake on colorectal cancer risk was observed in the NHS (72), whereas a clear protective effect was detected in a multicenter study with a larger variation in dietary exposure (73) . In two cohort studies (38, 42) , less than 50 EOC cases were identified in cohort subjects over the follow-up period, which may have limited the significance of study findings. Another problem inherent in the prospective study design is that dietary behavior is subject to change over time. In all but one of the cohorts, diet was assessed at baseline only and related to EOC risk many years later (38, 40, 42) . However, in the NHS (41, 43) , diet was assessed on four occasions during the follow-up period (1980, 1984, 1986, and 1990 ) and intakes were averaged over that time to best reflect long-term intake. With that approach, the investigators were able to take changes in diet into account. Discordant findings may also have emerged from different degrees of confounding inasmuch as studies do not control for the same set of covariates. This is of particular importance for the effect of diet on gynecological cancer. Ovarian cancer is strongly associated with reproductive factors, such as parity and use of oral contraceptives, and although reproductive factors are rarely associated with diet, they affect EOC risk and may have an effect on dietary habits and should therefore be accounted for. Indeed, most of the more recent studies have provided multivariable adjusted risk estimates controlling for reproductive characteristics. Earlier studies (56,60) either did not control for any covariates or controlled only for age (7, 57, 66) or education (45) . The insufficient adjustment for reproductive factors may therefore partly explain the nonsignificant risk estimates provided by Shu et al. (45) , as wide confidence intervals can be a sign of an insufficient model fit.
Residual confounding may also have occurred if the risk estimated between dietary factors and EOC is not adjusted for energy intake and is of particular importance for the energy-bearing nutrients and foods (74) . Analyses within the large cohort studies included in this review were adjusted for total energy intake (40, 41, 43, 75) with some exception (38, 39, 44) . However, among the large case-control studies, more than half did not adjust for total caloric intake, in particular the earlier studies (57, 61, 76) and multicenter case-control studies, which did not estimate total energy intake (55, 59, 63, 69) . Accordingly, the quality of diet assessment may have affected the accuracy of results. Some studies utilized specific instruments to assess diet (food frequency questionnaire, diet history), whereas in other studies, only indicator foods were asked for during the interview. Those studies were neither able to estimate total energy intake nor could they control for other dietary factors.
Finally, ethnic differences in study populations may be a potential source of contradictory findings. The majority of study populations included in the review are of Caucasian or Asian origin. The different genetic background that may affect cancer risk alone or in combination with diet may result in differing specificity of the diet-EOC association. In fact, Yen et al. (51) reported that in the Taiwanese population, endometrioid and clear-cell histological subtypes of cases occur more frequently than in white populations. Their study findings are in part contradictory to the findings in primarily white populations; Yen et al. (51) did not observe an association of meat, eggs, and fish with EOC risk. In two other Asian populations, a Japanese and a Chinese population, the investigators detected a significantly positive association between fish intake and EOC risk (7, 49, 58) and an inverse association with consumption of fruits (49) contrasting the Caucasian study findings.
Review articles are always prone to publication bias, that is, biases in reporting study results. Firstly, negative or insignificant results are less likely to be accepted for publication than significant results; second, study results published in non-English journals are more likely to be nonsignificant than study results in English journals. Finally, the investigators themselves may not submit their study results for publication. The consequence is that the published study results available and used in a review are distorted and do not reflect "true" associations. With respect to the associations between dietary factors and ovarian cancer described in this review, the true associations might be even weaker, taking publication bias into account.
Major Food Groups
The following section summarizes the epidemiologic evidence by food group, hereby updating the conclusions drawn in the 1997 WCRF Report and providing possible biological mechanisms for the observed effects.
Fruits and vegetables:
In the 1997 WCRF Report, fruits and vegetables were considered to be protective against EOC, and the level of evidence was judged as possible. In the present review including more recent publications up to 2004, the protective effect appears to be confined to vegetable intake alone. Compared with fruits, vegetables are rich sources of carotenoids, minerals, and other bioactive compounds, which exhibit antioxidative properties that protect the cell from oxidative stress, one promoting factor in carcinogenesis (77) . A meta-analysis found β-carotene to significantly reduce the risk of EOC (78) . It is noteworthy that among the subtypes of vegetables, green leafy vegetables and pulses/legumes presented the most consistent protective effect. While leafy vegetables are high in β-carotene, legumes are rich sources of complex carbohydrates, fiber, protein, and minerals as well as phytoestrogens and saponines (79, 80) , suggesting that various compounds in vegetables might exert a protective effect. It has been suggested that cruciferous vegetables (which include cabbage, kale, broccoli, cauliflower, Brussels sprouts, kohlrabi, etc.) protect against cancer because of their high content of glucosinulates, which have anticarcinogenic properties (81, 82) . The protective effect appears to be most consistent for lung, stomach, colon, and rectal cancer (83) . To date, however, evidence is lacking that cruciferous vegetable may also protect against EOC.
The lack of a beneficial effect of fruit consumption on EOC risk may be because of its high sugar content, which has been reported to be positively related to EOC in the study by Bosetti et al. (52) .
Meat:
The WCRF concluded that there was limited and inconsistent evidence with regard to meat consumption and EOC risk and that no judgment was possible at that time. However, more recent data suggest that increased meat consumption may be associated with an increased risk. Meats are rich sources of B vitamins, iron, protein, and fat. In a meta-analysis by Huncharek and Kupelnick (84) , animal fat intake was reported to be significantly positively associated
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with EOC risk (RR S = 1.70, 95% CI = 1.43-2.03 for high vs. low intake). As such, the effect seen for meat may be attributed to its high fat content. Furthermore, depending upon cooking methods, mutagenic compounds can be formed in meat, including N-nitroso compounds (NOC), heterocyclic amines (HAA), and polycyclic aromatic hydrocarbons (PAH) (85) . However, associations of these dietary compounds appear to be stronger for cancers of the gastrointestinal tract (86, 87) than for gynecological cancers (88) . Their role in ovarian cancer etiology has not yet been examined.
Eggs:
Evidence for an increased risk with an increase in egg consumption was judged as insufficient in the WCRF report. In fact, the majority of case-control studies found nonsignificant associations with EOC. However, recent cohort studies (40, 41) have found positive associations between high egg consumption and EOC risk. Two studies have investigated the effect of egg and non-egg cholesterol on EOC risk (62, 89) ; although egg cholesterol was positively linked to EOC in both studies, non-egg cholesterol was not. The lack of an association between non-egg cholesterol and EOC risk implies that the association is not because of the cholesterol in eggs. Alternative mechanisms, such as possible environmental contamination of eggs with organochlorines, might also be involved and need to be examined.
Fish:
The WCRF expert panel found insufficient evidence for a reduced risk of EOC with increasing fish consumption. Taking more recent study results into account, this evaluation is unlikely to change because of the inconsistency of the findings. With respect to biological mechanisms, fish is a rich source of omega-3 fatty acids, especially eicosapentanoic acid, which may exert favorable effects on levels of tumor growth enhancing prostaglandins because of substrate competition for cyclooxygenases. Other hormone-dependent cancers have been shown to be inversely related to fish consumption (90, 91) .
Dairy products:
The effect of milk consumption on EOC risk was not evaluated in the WCRF report because of limited and inconsistent evidence. Earlier studies indicated a weak, if any, increased EOC risk associated with milk consumption. The information available to date suggests that an evaluation of milk may require separate consideration of the fat content. Two biological mechanisms have been proposed for the association between milk consumption and risk of EOC: the galactose toxicity to oocytes (caused by lactase persistence leading to high levels of galactose exposure) (18) and the dietary fat content of milk products (67) . Because recent epidemiologic studies could not add support to the galactose hypothesis (68, 92, 93) , the more convincing hypothesis is that full-fat dairy products may increase risk, whereas low-fat dairy products may be protective (48, 56, 61, 64, 65, 67) . Thus, fat rather than other constituents, such as lactose and calcium (which are similar in full-and low-fat dairy products), is likely to be the main nutrient responsible for the effect on EOC risk and is consistent with the excess risk found for dietary fat (84) .
Grains:
Grains comprise a variety of bread foods, pasta, and rice, which all vary widely in their fiber content. Although only a limited number of studies are available, whole-grain foods have been found to have a protective effect on EOC risk, whereas grain foods in general (not distinguishing between high-and low-fiber grains) appear to have no beneficial effect. This is also consistent with a suggestive inverse association of EOC with fiber intake per se, with risk reductions ranging from 20% to 50% for high-vs. low-fiber intake (47, 57, 89, 94, 95) . A possible biological mechanism could be the impact of fiber on circulating estrogen levels: high fiber intake is correlated with an increase in the fecal excretion of estrogen, resulting in a decreased plasma concentration of estrogen and thus a reduced risk of ovarian cancer (96) .
Fats and oils:
Estimates of EOC risk in relation to consumption of fats and oils differ between fats derived from plant and animal sources; whereas plant oils are slightly inversely or not related to EOC risk, consumption of butter and lard were reported to be positively associated with EOC risk. This is consistent with studies that have examined intakes of specific fatty acids, in which inverse associations were reported for mono- (48, 95, 97) and polyunsaturated fat (40, 97, 98) and positive associations for saturated fat (84) . However, because of a limited number of study results and the lack of evidence from cohort studies, a clear conclusion for fats and oils cannot be drawn.
Energy Balance
The role of body weight status in the context of analyses relating diet to EOC risk merits special attention. It is unclear whether the dietary behavior affects EOC risk directly or whether its contribution to total energy intake resulting in higher body mass (or a combination of these factors) is contributing to higher EOC rates. There are several arguments that dietary intake affects EOC risk directly. First, a diet low in vegetables is low in antioxidants. It has been shown that high antioxidant consumption increases cellular resistance to oxidative damage and thus may inhibit carcinogenesis (99, 100) . Second, a low-vegetable, high-meat diet is low in fiber. Fiber has been found to affect estrogen metabolism in that high fiber consumption leads to higher fecal binding and excretion of estrogen and thereby decreases circulating estrogen levels (96) . Third, a low consumption of vegetables results in low intake of phytoestrogen analogues. Phytoestrogens have been shown to decrease circulating estrogen levels because of competition with the more potent endogenous estrogens on the estrogen receptor (101) . Finally, a diet high in animal foods and cholesterol can raise estrogen levels because of synthesis from increased dietary cholesterol precursors or from estrogens present in meats or eggs (102) .
Alternatively, a diet high in meats and low in vegetables may result in high energy intake, which could lead to weight gain and obesity (103) . Thus, obesity itself or metabolic factors associated with obesity could affect the risk of EOC. In fact, endogenous hormones, assumed to affect EOC risk according to the gonadotropin hypothesis, are influenced by body weight status. Obesity is associated with higher serum lipids, insulin, and insulin-like growth factor I (IGF-Iδ) (104) . Insulin and IGF-I act as key regulators of the synthesis and biological availability of sex steroids by stimulating steroidogenesis while inhibiting the hepatic synthesis of sex-hormone binding globulins (105, 106) . Alterations in insulin and IGF-I thus provide an important link between energy balance and levels of bioavailable androgens and estrogens. Obesity is also considered to be associated with increased inflammation (107)-a more recent hypothesis regarding the etiology of ovarian cancer. There is a considerable body of literature on EOC risk and markers of inflammation reviewed by Ness and Cottreau (15) . However, the role of diet in EOC risk has not been linked to inflammation yet.
The individual studies included in the present review did not address which particular factor -diet or body mass index (BMI)-is responsible for the effect on EOC risk. The studies reviewed were primarily designed to investigate associations between dietary components and risk of EOC. However, a considerable number of studies adjusted their analysis for BMI (39, 40, (42) (43) (44) 49, 53, 54, 62, 63, 65, 69) or at least tested the effect of body weight on the diet-EOC association (41, 56, 70) . Those that controlled for BMI did not discuss the effect of BMI on EOC risk. However, dietary factors remained independent risk factors for EOC after adjustment for BMI. Studies of BMI and ovarian cancer risk have provided inconsistent results with some showing an increased risk associated with high BMI (108) (109) (110) , no association (57, (111) (112) (113) , or an inverse association (114, 115) . A recent meta-analysis (110) indicated a small to moderate direct association between high BMI and risk of ovarian cancer, with summary risk estimates differing by study design.
Future Studies
For the majority of dietary factors, findings are inconclusive and merit further investigation. This relates particularly to the role of fish consumption, dairy products according to fat content, and specific vegetables. With regard to fish and fats, cohort evidence is scarce, and further prospective investigations are warranted. Future studies also need to explore environmental contamination in eggs and NOCs, HAA, and PAH in meat to shed new light on the biological mechanisms responsible for observed effects. Prospective studies are the preferred study design, as they are less susceptible to various types of biases and provide the best risk estimates based on the known temporal sequence of exposure and disease. However, prospective studies need to cover a large variation of dietary factors in order to be capable of detecting statistically significant associations.
It is noteworthy that there may be different effects of diet on EOC risk by menopausal status. The few investigators that stratified their analyses by menopausal status found some evidence that the association between some foods, such as green leafy vegetables and meat, were stronger among postmenopausal women than among premenopausal women (7, 55, 58) . Hence, it seems reasonable to examine whether menopausal status modifies the diet-EOC association. This may be of particular interest, as ovarian cancer occurring at a younger age is more likely to be hereditary, which constrains the potential effect of diet on disease risk (5) . Secondly, diet has also been shown to affect endogenous hormone levels (e.g., sex steroids, IGF-I system) in pre-and postmenopausal women (116) (117) (118) , whose effects on ovarian cancer risk may differ according to menopausal status (119, 120) .
Most previous epidemiologic studies have examined the association between diet and ovarian cancer without considering the potential differences in invasiveness and histological subtypes. Risch et al. (121) first proposed that mucinous tumors are etiologically distinct from nonmucinous tumors and that dietary risk factors may differ between histological subtypes. Others have hypothesized that reproductive risk factors may also differ by histological subtype (10, 122) . Future large studies are therefore needed to examine the etiology of distinct histological subtypes and to estimate risk for dietary factors according to histology of the tumor.
Conclusion
The typical Western diet, which is low in plant foods and high in meats, may be positively associated with ovarian cancer incidence. This is consistent with the suggested beneficial effects of high vegetable consumption and, in particular, a high β-carotene intake and the possibly increased risk associated with a high intake of meat and animal fat. However, associations of many dietary factors with EOC incidence remain unclear and merit further examination. This may be particularly relevant for the different types of vegetables, fish, and dairy products. To date, an estimation of the potentially different effects of diet on EOC risk according to histological subtypes is not possible.
The conclusions drawn from this review lend support to both the incessant ovulation and the gonadotropin hypothesis. The Western diet is low in anticarcinogenic and antioxidative compounds and high in fats and may thereby promote cell growth in general and, particularly, growth of tumor cells that may have occurred spontaneously (incessant ovulation theory) or due to overstimulation of the ovarian epithelium by gonadotropins.
As some investigations indicated differential effects of dietary factors on EOC rates in pre-and postmenopausal women and by histological subtypes, the potential effect modification by menopausal status and related reproductive characteristics as well as by histology warrant more detailed investigation.
